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Abstract: Total phenolic and flavonoid content were measured in different solvent extracts of 
beebread, as well as their antioxidant capacity. The content of total polyphenols was quantified according to the 
Folin-Ciocalteau method. The flavonoid estimation was made using two complementary colorimetric methods, 
using both aluminum chloride reaction (according to a modified Dowd method) and 2, 4-dinitrophenylhydrazine. 
The samples content varied between 22.72- 8.32 mg GAE g-1 (total phenols), 0.696-0.168 mg QE g-1 (flavonols, 
flavones and isoflavones) respectively 7.86-3.12 mg NAE g-1 (total flavanones). The antioxidant capacity was 
determined by free radical scavenging (DPPH 2,2-diphenyl-picrylhydrazyl) method, by ferric reducing 
antioxidant power (FRAP) and by ABTS (3-ethyl-benzothiazoline-6-sulfonic acid) assays. Good 
correspondences between the antioxidant activity and the content of total phenols and flavonoids 




The phenolic compounds, which are widely distributed in plants are considered as 
possible protection agents reducing oxidative damage of human body from ROS and retard 
the progress of many chronic diseases as well as lipid peroxidation (Gulcin et al., 2003). 
The various methods available in the assessment of the antioxidant capacity of 
samples differ in terms of their assay principles and experimental conditions. Consequently, 
in different methods, particular antioxidants have varying contributions to total antioxidant 
potential (Cao & Prior, 1998 cited by Katalinic et al., 2006). 
The present study was aimed at evaluating the antioxidant capacity of beebread 
extracts by different assays along with their antioxidant content. Different solvents were 
tested for the preparation of the beebread extract in order to evaluate their influences on the 
concentration of the bioactive compounds and their bioactive properties. 
 
MATERIAL AND METHOD 
 
All reagents and solvents used were purchased from Sigma-Aldrich, Merck, or Fluka. 
The samples of beebread were purchased from local beekeepers from Transylvania area in 
2006.  
Five grams of each sample of beebread were individually extracted using different 
solvents at the room temperature for 72 h. After maceration and filtration, the filtrate was 
evaporated to dryness under vacuum. The resulting dried extracts were dissolved in ethanol 
and stored until analysis.  
Total phenolic content was estimated according to the Folin-Ciocalteau method 
(Singlenton et al.,1999, cited by Meda et al., 2005). The Folin-Ciocalteau reagent was added 
to the bee pollen extracts and mixed for 5 min. After the addition of 2 ml sodium carbonate, 
the absorbance at 760 nm was measured. The results were expressed as Gallic Acid 
Equivalent (mgGAE g-1 dry matter sample).  
The total flavonols, flavones and isoflavones content was estimated by a modified 
Dowd method (Meda et al., 2005). The bee pollen methanol extract (5 mL) was mixed with 5 
mL aluminium trichloride 2%. The absorption at 415 nm was readied after 10 min. The results 
were expressed as Quercetin Equivalent (mgQE g-1 dry matter sample).  
The total flavanones content was estimated by a modified Nagy & Grancai procedure 
proposed by Chang et al. (2002) with minor modifications, using naringin as reference 
standard. Reaction mixture consisted of 1 mL of beepollen extracts, 2 mL of 1% 2,4-D 
reagent and 2 mL of methanol at 50°C for 50 min. The reaction mixture was mixed with 5 mL 
of 1% potassium hydroxide in 70% methanol and incubated at room temperature for 2 min. 
Then, 1 mL of the mixture was mixed with 5 mL of methanol and centrifuged. The 
absorbance of supernatant was measured at 495 nm, and the results were expressed as 
naringin equivalent (mg NAE g-1 dry matter sample). 
The scavenging activity (H/e-transferring ability) of bee pollen extracts against DPPH 
radical was evaluated spectrophotometrically by a modified method of Brand-Williams et 
al.(1995) proposed by Meda et al. (2005). Extract solution of bee pollen was mixed with 2.5 
mL DPPH solution. The absorbance was measured at 517 nm. The radical scavenging activity 
is determined in terms of PI-values, according to the formula:  
PI (% inhibition) = [A0 – A/A0] x 100 
with A0 the absorbance of the blank solution and A  the absorbance of the sample. 
Total antioxidant potential of the sample was evaluated using the ferric 
reducing/antioxidant reducing ability (FRAP) assay as a measure of “antioxidant 
power”(Benzie & Strain, 1996). The working FRAP reagent was prepared by mixing 10 mL 
of 300 mmol/L acetate buffer pH 3.6 with 1 mL of 10 mmol/L TPTZ (2,4,6-tripyridyl-s-
triazine) in 40 mmol/L hydrochloride acid and 1 mL of 20 mmol/L ferric chloride solution. 
The sample consisted in 300 µL ml FRAP reagent, 10 µL of beebred extract and 30 µL 
deionized water. The sample was incubated at 37° and the absorbance was read at 593 nm 
after 4 min. The results were expressed as FRAP value (mmolFeII L-1 sample solution). 
For Trolox Equivalent Antioxidant Capacity assay, the procedure followed the method 
of Re et al., (1999) with some modifications. The ABTS•+ cation radical was produced by the 
reaction between 7 mM ABTS (2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) 
solution and 2.45 mM potassium persulfate solution, stored for 16 h. Before usage, the 
ABTS•+ solution was diluted to get an absorbance of 0.700 ± 0.025 at 734 nm with ethanol. 
For the assay 0,5 ml of the resulting solution was mixed with 10 L of sample. The absorbance 
was read at 30 °C after 6 min. Results were expressed as TEAC value (mmol Trolox L-1 
sample solution). 
All determinations were performed in triplicate, and results are expressed as mean 
standard deviation calculated using spreadsheet software (Excel). Correlation coefficients (r2) 
were calculated using MS Excel software. 
In order to perform the analysis, the following equipments were used: centrifuge 
Sigma 2-5, rotary evaporator Heidolph, spectrophotometer UV-VIS (double-beam) 1700 
Shimadzu. 
RESULTS AND DISCUSSIONS 
 
Total phenolics are found to be highest in methanol extracts (22.72 mg GAE g-1) and 
lower in water extracts (8.32 mg/g mg GAE g-1). Regarding the flavonol and flavone content, 
higher results were obtained in the case of the methanolic extracts (0.696 mg QE g-1), 
followed by the ethanolic ones  (15.84 mg QE g-1). The water extracts contains the lower 
levels of flavonols and flavones (0.168 mg QE g-1) The highest amounts of flavanones were 
found in methanolic and water extracts of beebread (7.86 respectively 6.04 mg NAE g-1). 
Lower amounts of these compounds were determined in the case of ethanol-water extracts 
(3.12 mg NAE g-1) (Table 1). 
Table 1 
Phenolic, flavonol and flavanone content of beebread extracts 
together with their antioxidant capacity* 
 
Solvent 
of beebread extracts 
Total phenols 
(mg GAE g-1) 
Flavonols and 
Flavones 
(mg QE g-1) 
Flavanones 
(mg NAE g-1) 
Methanol  22.72 ± 0.2 0.696 ± 0.02 7.86 ± 3.2 
Ethanol 15.84 ± 0.2 0.352 ± 0.01 3.41 ± 2.5 
Water  8.32  ± 0.3 0.168 ± 0.03 6.04  ± 1.9 
Methanol 70:water30 11.90 ± 0.9 0.624 ± 0.03 5.38 ± 3.8 
Ethanol 70:water30 9.12  ± 0.8 0.256 ± 0.01 3.12 ± 4.1 
     *Data expressed as mean ± standard deviation of three samples analyzed separately. 
 
Table 2 present data on antioxidant capacity for DPPH scavenging activity, FRAP and 
TEAC assays for beebread extracts analyzed. Free radical scavenging of phenolic compounds 
is an important property underlying their various biological and pharmacological activities. 
The methanolic extracts of beebread demonstrate a highly DPPH scavenging activity, the PI-
values obtained was 90.35 %. The decrease of absorption of the DPPH was lower in the case 
of methanol:water and ethanolic extracts (70.8 and 62.3 % respectively).  
Antioxidant activities of different beebread extracts were clearly associated to their 
antioxidant content. It can be observed that the water extracts, which contained the lower 
amount of total phenols, flavonols and flavones, exhibit the lower antioxidant potential both 
in terms of DPPH scavenging activity (55.69%) and ferric reducing ability (FRAP value: 
0.196 mmol FeII L-1). Higher amounts of antioxidants, in the case of methanolic beebread 
extracts, were accompanied by higher antioxidant capacity in all tested assays. 
Table 2 
      The antioxidant capacity of bee pollens from different species and beebread * 
 
Solvent 




(mmol FeII L-1) 
TEAC value 
(mmol Trolox L-1) 
Methanol 90.35 ± 5.2 0.404 ± 0.02 0.43 ± 0.02 
Ethanol  62.30 ± 2.2 0.343 ± 0.01 0.23 ± 0.06 
Water  55.69 ± 2.6 0.196 ± 0.05 0.16 ± 0.05 
Methanol 70:water30 70.80 ± 2.9 0.327 ± 0.01 0.25 ± 0.03 
Ethanol70:water30 56.80 ± 1.4 0.254 ± 0.04 0.14 ± 0.02 
                *Data expressed as mean ± standard deviation of three samples analyzed separately. 
 
Good correlations between total phenol content and their antioxidant capacity in terms 
of FRAP and TEAC values in all screened beebread extracts (Fig. 1 and 2). In the present 
study, good correlation was also found between DPPH scavenging activity and total flavonols 
and flavones content (Fig. 3). 
   
Fig. 1.         Fig. 2              Fig.3. 
Very good positive correlation (Fig.4) was found between DPPH scavenging activity 
and Trolox Equivalent Antioxidant Capacity of beebread extracts. Because the redox potential 
of Fe(III)-TPTZ (0.7 V) is comparable with that of ABTS•+ (0.68 V), similar compounds react 
in both the TEAC and FRAP assays (Prior, R.L. et al., 2005). The Ferric Reducing 




   Fig.4     Fig.5 
The results of this preliminary study conducted on different extracts of beebread from 
Transylvania area, demonstrated a good correlation between the total phenol content and their 
antioxidant capacity. Future analysis is required, not only in testing other different systems of 
evaluating the antioxidant activity, but also in separation and identification the specific 
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